Objectives The objective of this study was to determine the association of crown-rump length (CRL) discrepancy in monochorionic and dichorionic twins with subsequent pregnancy outcomes.
Introduction
Twins are responsible for 1-3% of total pregnancies [1] . Out of all twins, 2/3rds are dizygotic and invariably dichorionic. Embryonic splitting occurs in about 1/3rd of monozygotic twins within the first three days after fertilization, and these also result in dichorionic twins. Therefore about 80% of twin pregnancies are dichorionic. Monochorionic twins are responsible for 20% of all twin gestations and results from late embryonic splitting after 3 days of monozygotic conception [1] . Irrespective of the period of gestation, twins carry a high risk of pregnancy associated complications [2] . It has been recognised that early fetal growth of individual foetus within the twin pregnancy is not uniform [2, 3] . According to the National Institute of Health and Clinical Excellence guidelines pregnancies are often dated by first trimester crown-rump length (CRL), so that early growth problems can be identified as early as 11-14 weeks [4] . Discordant early fetal growth of twin pregnancy has been associated with late complications of pregnancy such as pregnancy loss and discordant birth weight [2, 5] .
Early pregnancy growth and pregnancy outcome in twin pregnancies
Discordant birth weight is one of the recognised complications of twin pregnancies. It carries a higher risk of perinatal morbidity and mortality of the twins with or without fetal growth restriction [6, 7] . Growth discordancy has been classified as mild or severe according to the percentage difference of birth weight, 15% and 25% respectively [8] .
There is no consensus whether this important complication could be predicted in early pregnancy by ultrasonography [5] . In most instances, subtle CRL differences may not be clinically significant [9] . However it has been documented that early growth may lead to adverse pregnancy outcome [10] .
The aim of this study was to determine the association of CRL discrepancy and pregnancy outcome in monochorionic and dichorionic twins.
Method
This is a retrospective analytical study which was performed in one fetal medicine tertiary referral center in the UK. We retrieved all the ultrasound data of twin pregnancies over a period of 12 years between December 1996 and September 2009 from a purpose-built data base. All the first trimester twin pregnancy data between 11 and 14 weeks were reviewed and twin pregnancies with crown rump length between 45 mm and 84 mm were included. The twin pregnancies referred from other hospitals were excluded to avoid referral bias. The pregnancy was dated by the CRL of the bigger twin in spontaneous conceptions and date of embryo transfer in in-vitro fertilization (IVF). Chorionicity was assigned at the first trimester scan by the presence of 'lambda' sign for the dichorionic twins Vol. 55, No. 3 
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Papers and 'T' sign for the monochorionic twins [11] . Outcome of the pregnancy was collected from the hospital records, patients and the general practitioners.
The inter-twin CRL discrepancy was calculated by subtracting CRL of smaller twin (CRL-S) from the CRL of larger twin (CRL-L). Furthermore a percentage difference of the CRL was computed by dividing CRL discrepancy by CRL of the large twin. Fetal loss and birth weight discordance was reported as outcome measures. Miscarriage or stillbirth of one or both twins was defined as a fetal loss. Fetal losses were counted per pregnancy and not per fetus. Birth-weight difference of twins calculated as the difference in the weights expressed as a percentage of that of the bigger twin. Birth weight discordance of 15% was considered as a grade I (mild) discordance and 25% considered grade II [8] . A literature search was performed to identify all reports in the English language literature (Medline, National Library of Medicine) on this topic between 1998 and 2009.
Non parametric continuous data were compared by Mann-Whitney U-test and correlation between variables was assessed by Spearman's rho test. Chi-square test was used for categorical data. All p-values reported are two tailed and a level of 0.05 or less was considered statistically significant. Analysis was performed using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). Approval for the study was obtained from the local ethics review committee.
Results
There were 660 twin gestations with follow up details to identify the subsequent outcome. Some of these cases have been included in a previous report [8] . Of these twin pregnancies 506 were dichorionic and 154 were monochorionic twins. pregnancies (3.9±8.34, range 0-59 and 3.2±5.65 range 0-37.5, respectively, p = 0. 225). Table 1 shows the 5th, 10th, 50th, 90th and 95th centiles for percentage CRL discrepancy for all twins (Table 1) . Table 1 . Population centiles for inter-twin crown rump length (CRL) discrepancy and sensitivities/ specificities for predicting fetal loss and birth-weight discordance for all twins. 
ROC Curve
A statistically significant higher incidence of single or double fetal loss was seen in monochorionic twins than in dichorionic twins. Loss rate was 17.53 % (27) and 3.95% (20) (p=<.0001) in monochorionic and dichorionic twins respectively. The pregnancy loss was further evaluated in relation to the percentage CRL discrepancy by constructing a receiver operating characteristic (ROC) curve. This ROC curve ( Figure 1 ) had an area under the curve of 0.616 (95% CI 0.524-0.709) and revealed a statistically significant correlation between percentage CRL disparity and pregnancy loss rate (p = 0.008).
Papers
Birth weight discordance (grade I and II) of monochorionic and dichorionic twins did not show statistically significant difference (median percentage birth weight discordancy 8.0% (range 0-57) and 9.4 % (range 0-69) respectively, p = 0. 549). However, Grade II birth weight discordance was more common in monochorionic twins and this difference in the prevalence was statistically significant (X 2 -7.051, p=0.008). 
ROC Curve
CRL disparity and birth weight discordancy showed statistically significant correlation (Spearman's rho, p=0.040) (Figure 2 ). This correlation was further analyzed with respect to degree of birth weight discordance using ROC curves (Figures 3 and 4) . The area under the curve for correlation between CRL discrepancy and grade 1 and grade 2 birth weight discordance is 0.592 (95% CI, 0.537-0.649, p=0.001) and 0.626 (95% CI 0.553-0.698, p=0.001) respectively. Summary of recent publications on CRL disparity and pregnancy outcomes is given in Table 2 
Discussion
Discordance in the crown rump length of twins has been reported as early as 7 weeks and this difference persists at 11 to 14 weeks [12] . Our results show that CRL discrepancy does not significantly differ according to chorionicity. None of the studies that reported CRL discrepancy between 10-14 weeks have shown any difference between monochorionic and dichorionic twins [1, 5, [8] [9] . We can therefore conclude that early pregnancy growth has not been affected by chorionicity.
Pregnancy complications of the monochorionic twins are higher than the dichorionic pregnancies. Twin to twin transfusion syndrome, discordant fetal anomalies, twin reverse arterial perfusion (TRAP) and discordant fetal growth restriction are recognised reasons for fetal loss in monochorionic pregnancies [13] . An association of early CRL difference and pregnancy outcome is important to determine since it may help in counselling prospective parents. Even though the correlation between CRL discordance and pregnancy loss in twins is statistically significant, its clinical relevance is limited because most of the pregnancy losses happen without a significant CRL discrepancy. Sensitivity of CRL discrepancy as a predictor to determine pregnancy loss is low (Table 1) .
Inter-twin birth weight discordance has been shown to be associated with perinatal mortality and morbidity independent of chorionicity [1, [14] [15] and length of the pregnancy [16] . Recent evidence has demonstrated a relationship between discordant growth and several parameters of adverse outcome, including intrauterine and neonatal mortality, presence of malformations, and small for gestational age [17, 18] . Our study revealed that CRL discrepancy significantly correlates with the birth weight discordance. However, the sensitivity of this CRL discrepancy to detect subsequent birth weight discordance is poor (Table 1) . Despite having poor sensitivity to predict birth weight discordance (sensitivity of 18.8% with a specificity of 92.1% at 90th centile CRL discrepancy) discordant CRL discrepancy can be used to counsel prospective parents in view of possible discordant birth weights [2] .
There is epidemiological evidence linking birth weight with early fetal size in singletons [3] . But most of the weight gain in the foetus occurs in the last three months of pregnancy. This is the most likely reason why the association between CRL discrepancy and birthweight discordance is weak.
Conclusion
CRL discrepancy is independent of chorionicity in twins. Fetal loss is more common in monochorionic twins, but birth weight discordance is not. CRL discrepancy is correlated to subsequent pregnancy loss and birth weight discordance, but the clinical utility of this observation is limited. The difference in twin CRL at 11-14 weeks is likely to represent physiological variation in a majority of cases.
